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(57) ABSTRACT

A USB 3 host controller according to the present invention
includes a transfer speed switching unit besides a transfer
data converting unit that mutually converts transfer data from
a USB device and transfer data from a PCI Express bus. The
transfer speed switching unit receives transfer information
regarding data transfer from the USB device via a USB 3
interface when the USB device is connected, and identifies a
transfer speed used by a PC side according to the transfer
information or a result of analyzing the transfer information.
Then, when a current transfer speed of the PC side is different
from the identified transfer speed, the transfer speed switch-
ing unit transmits a speed switching signal indicating switch
to the identified transfer speed to a PCI master via a PCI
express interface.
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1
CONTROLLER AND TRANSFER SPEED
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-149725,
filed on Jul. 6, 2011, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

The present invention relates to a controller and a transfer
speed control method that enable data transfer between buses
with different standards such as PCI Express and USB, and
particularly to a controller and a transfer speed thereofthat are
suitable for the case in which both standards have a plurality
of transfer speeds.

USB (Universal Serial Bus) is in widespread use as an
interface of external peripheral devices such as PC (Personal
Computer), and various USB devices with USB interfaces
have been created.

In the USB 2.0 standard, the maximum transfer speed can
be increased up to 480 Mbps (High Speed), which has been 12
Mbps (Full Speed) in the USB 1.1 standard.

Japanese Unexamined Patent Application Publication No.
2005-327247 discloses that although the USB device adopt-
ing the USB 2.0 standard can increase the transfer speed
extremely high, the higher the transfer speed to be close to the
maximum transfer speed 480 Mbps, the larger the power
consumption. For example, there is a problem pointed out that
when the USB device adopting the USB 2.0 standard is con-
nected to a mobile terminal device and the like, the limited
power supply ability of the mobile terminal device is con-
sumed in a short time.

Further, Japanese Unexamined Patent Application Publi-
cation No. 2005-071273 discloses an electronic device and an
interface control method thereof that aim to obtain a connec-
tion mode at the time of connecting the USB cable, select a
first or a second configuration according to the obtained con-
nection mode, and execute a data transfer process according
to the first or the second configuration.

By the way, when a device such as PC adopting the bus
standard PCI express is connected to the USB device, a con-
verter (hereinafter referred to as a USB host controller) for
converting both data is required. Usually PCs often have these
USB controllers mounted in advance, and a user can transfer
data from the USB device to the PC only by inserting a USB
device terminal to a USB terminal provided to the PC.

FIG. 8 is a view showing a USB host controller of a related
art. As shown in FIG. 8, a USB 3 host controller 101 is
connected to a PCI master 102, for example, inside the PC.
The other side is connected to a USB device 103. This USB 3
host controller 101 includes a PCI Express interface 111, a
transfer data converting unit 112, a USB 3 interface 113, and
a USB 2 interface 114.

Data of the PCI Express standard is input to the transfer
data converting unit 112 via the PCI Express interface 111
from the PCI master 102 side, and converted into USB 3 or
USB 2 format data here. Then, data of the USB 3 format is
output via the USB 3 interface and data of the USB 2 format
is output via the USB interface 114 to the USB device 103,
and vise versa. Specifically, data of the USB format is input to
the transfer data converting unit 112 from the USB device 103
via the USB 3 interface 113 or the USB 2 interface 114,
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2

converted into data of the PCI Express format, and output to
the PCI master 102 via the PCI interface 111.

Currently two transfer speeds, which are Genl (2.5 GT/s
(Transaction Per Second: Tps)) and Gen2 (5 GT/s), are
defined in the PCI Express. Note that 6.4 GTps=25.6 GBps.

On the other hand, there are four kinds of the transfer
speeds supported by USB 3, which includes Super Speed (SS)
(5 Gbps), besides the abovementioned High Speed (480
Mbps), Full Speed (12 Mbps), and Low Speed (1.2 Mbps).
The only transfer speed that requires Gen2 (5 G1/s)is SS, and
Genl (2.5 GT/s) is enough for the other transfer speeds.

SUMMARY

While the link speed is operating at Genl, when the SS
transfer (5 GT/s) is used in USB 3.0, there is not enough bus
bands, and the link speed must be set to Gen2 at the time of SS
transfer. Therefore, in an apparatus to connect USB devices
such as a personal computer, the link speed is usually set to
Gen?2 at the beginning in devices that are possibly connected
to a device capable of the SS transfer (the device hereinafter
referred to as a SS device).

Accordingly, a USB host controller of the related art does
not dynamically change the link speed of the PCI Express
according to the connection kind of the USB device. That is,
the USB host controller continues to operate at the link speed
of'the PCI Express once determined (except when the speed
is reduced due to a communication error and the like).

However, when the link speed is Gen2, there is a problem
that the power consumption is larger than the case of Genl.
Lower power consumption is desired especially for the
devices that operate with batteries.

An aspect of the present invention is a controller connected
between a first device that adopts a bus standard A specifying
a plurality of transfer speeds for data transfer and a second
device that adopts a bus standard B. The controller includes a
first interface that is connected to the first device and trans-
mits and receives data to and from the first device, a second
interface that is connected to the second device and transmits
and receives data to and from the second device, a transfer
data converting unit that converts data of the bus standard A
and data of the bus standard B between the first interface and
the second interface, and a transfer speed switching unit that
receives transfer information regarding data transfer from the
first device via the first interface when the first device is
connected, evaluates a transfer speed used by the second
device according to the transfer information or a result of
analyzing the transfer information, and when a current trans-
fer speed input from the second device is different from the
evaluated transfer speed, transmits a speed switching signal
indicating switch to the evaluated transfer speed to the second
device via the second interface.

In the present invention, the transfer speed necessary for
the second device is identified according to the transfer infor-
mation or the analysis result thereof that is obtained from the
first device by the transfer speed switching unit. When the
identified transfer speed is different from the currently set
transfer speed, the transfer speed is switched to the identified
transfer speed. Therefore, in the second device, as the transfer
speed is switched to the transfer speed necessary for the data
transfer with the first device, the power consumption can be
reduced more than the case of, for example, setting the trans-
fer speed to the maximum speed so as to enable transfer when
the first device with any ability is connected.

Another aspect of the present invention is a transfer speed
control method for a controller connected between a first
device that adopts a bus standard A specifying a plurality of
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transfer speeds for transferring data and a second device that
adopts a bus standard B. The transfer speed control method
includes steps of

(a) transmitting and receiving data to and from a transfer
data converting unit via a first interface by the first
device,

(b) transmitting and receiving data to and from the transfer
data converting unit via a second interface by the second
device,

(c) mutually converting data of the bus standard A and data
of'the bus standard B by the transfer data converting unit,
and

(d) switching a data transfer speed of the second device.
The (d) step of switching the data transfer speed includes
steps of

(d-1) receiving transfer information regarding data transfer
from the first device via the first interface when the first
device is connected,

(d-2) evaluating a transfer speed of the second device
according to the transfer information or a result of ana-
lyzing the transfer information, and

(d-3) transmitting the speed switching signal indicating
switch to the evaluated transfer speed to the second
device via the second interface when a current transfer
speed input from the second device is different from the
evaluated transfer speed.

In the present invention, as the transfer speed of the second
device is switched according to the transfer information and
the analysis result thereof obtained from the first device, that
is, the transfer speed is switched as necessary, the transfer
speed can be set to the minimum speed in the second device
by default, and thereby reducing the power consumption in
the second device.

The present invention can provide a controller and a trans-
fer speed control method that can reduce the power consump-
tion in the second device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, advantages and features will
be more apparent from the following description of certain
embodiments taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is a view showing a USB host controller according
to a first embodiment of the present invention;

FIG. 2 is a flowchart showing a transfer speed control
method according to the first embodiment of the present
invention;

FIG. 3 is a view showing a USB 3 host controller 1 accord-
ing to a second embodiment of the present invention;

FIGS. 4A and 4B are pattern diagrams showing timings
that perform link speed change (recovery) and explain tim-
ings to perform the recovery according to a usage band;

FIGS. 5A and 5B are pattern diagrams showing timings
that perform the link speed change (recovery) and explains
timings to perform the recovery according to usage time;

FIG. 6 is a view for explaining a switching process of the
link speed according to the usage time of a bus;

FIG. 7 is a flowchart showing a transfer speed control
method according to a second embodiment of the present
invention; and

FIG. 8 is a view showing a USB host controller of a related
art.

DETAILED DESCRIPTION

Hereinafter, specific embodiments incorporating the
present invention are explained in detail with reference to the
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drawings. This embodiment is about a data converting appa-
ratus (hereinafter referred to as a host controller), which per-
forms data transfer between different bus standards, for
example the PCI Express standard and the USB standard, that
incorporates the present invention.

The present inventors have found out that in a PC and the
like mounted with a USB host controller supporting the SS
transfer (Super Speed transfer of USB 3), the power can be
saved more by efficiently switching the link speed (hereinaf-
ter the transfer speed of the second device or the PC side may
be referred to as the link speed).

There are four kinds of the transfer speed supported by
USB 3 s SS (5 Gbps), HS (480 Mbps), FS (12 Mbps), and LS
(1.2 Mbps), as mentioned above. On the other hand, in the
PCI Express, there are three kinds, which are Genl (2.5
GT/s), Gen2 (5 GT/s), and Gen3 (8 GT/s). Only SS requires
Gen2 (5 GT/s) among the transfer speeds of the USB 3, and
the transfer can be sufficiently performed with Gen1 in other
transfer speeds. Hereinafter in this specification, the device
capable of data transfer at the transfer speed SS (5 Gbps)
among the USB devices may be referred to as an SS device.

In the current condition, usually configuration is made in
advance to the PCI Express bus side so as to transfer data at
the transfer speed of Gen2 in the product (such as an PC) that
is possibly connected to the SS device. On the other hand, the
transfer speed is usually set to Genl, and the transfer speed is
switched when the transfer speed of Gen2 and Gen3 is
required, thereby reducing the power consumption. In the
current condition, the transfer speed at the time when the SS
device is connected can be changed to Gen2.

The present inventors focus that there are four transfer
types indicating different data transfer systems according to
the kind of transfer data and a transfer method, and found out
a USB host controller and a transfer speed control method
thereof that attempt to further save the power by taking into
consideration the data transfer type and switching Genl and
Gen2.

First Embodiment

FIG. 1 is a view showing a USB host controller according
to a first embodiment of the present invention. A USB 3 host
controller 1 is connected between a first device adopting the
USB bus and a second device adopting a PCI Express bus. In
this embodiment, the first device is a USB device. Further, a
PC mounted with the USB 3 host controller 1 can be the
second device. The USB 3 host controller is connected to the
PCI master 2 in the PC. A USB device 3 such as a USB
memory, a digital camera, and an audio device, is connected
to the other side, and the data thereof is retrieved by the PC
side via the USB 3 controller 1 or the data from the PC side is
retrieved by the USB device via the USB 3 host controller 1.

The USB 3 host controller 1 includes a transfer speed
switching unit 15 in addition to a PCI Express interface 11, a
transfer data converting unit 12, a USB 3 interface 13, and a
USB 2 interface 14. The PCI Express interface 11 is con-
nected to the PCI master 2, and transmits and receives data to
and from the PCI master 2. The USB 3 interface 13 and the
USB interface 14 are respectively connected to the USB
device 3 supporting the USB 3.0, 3.1, and the like and the
USB device 3 supporting the USB 2.0, 2.1, 2.2, and the like,
and transmits and receives data to and from the USB device 3.
Note that in the USB 3 host controller 1, the connector parts
of the USB 3 and USB 2 are separated. When the USB 3
device is connected, a connection signal is notified to the USB
3 interface, and when the USB 2 device is connected, a
connection signal is notified to the USB 2 interface.
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The transfer data converting unit 12 is disposed between
the PCI Express interface 11, the USB 3 interface 13, and the
USB 2 interface 14, and converts data of both standards.
Specifically, data PCI__1 of the PCI Express standard is input
to the transfer data converting unit 12 via the PCI Express
interface 11 from the PCI master 2 side, and converted into the
USB 3 or USB 2 format data. Then, data USB__ 2 ofthe USB
3 format is output via the USB 3 interface 13 and data USB_ 2
of'the USB 2 format is output via the USB 2 interface 14 to the
USB device 3, and vise versa. Specifically, data USB__1 of
the USB format is input to the transfer data converting unit 12
from the USB device 3 viathe USB 3 interface 13 or the USB
2 interface 14, converted into data PCI__ 2 of the PCI Express
format, and output to the PCI master 2 via the PCI interface
11.

Then, the transfer speed switching unit 15 switches the
transfer speed used by the PCI master 2 (PC) side. First, the
transfer speed switching unit 15 receives transfer information
D1 and D4 related to the data transfer from the USB device 3,
which is input via the USB 3 interface 13 when the USB
device 3 is connected. Then, the transfer speed switching unit
15 evaluates the transfer speed used by the PCI master 2 (PC)
side according to this transfer information or an analysis
result of the transfer information. Link speed information D2
indicating the current transfer speed is input to the transfer
speed switching unit 15 from the PCI master 2. When the
transfer speed indicated by the transfer speed information D2
is different from the evaluated transfer speed, for example
when the current transfer speed setting is Gen1 and the evalu-
ated transfer speed is Gen2, the transfer speed switching unit
15 transmits a speed switching signal D3 that indicates switch
to the evaluated transfer speed Gen2 to the PCI master 2 via
the PCI Express interface 11.

In this embodiment, the transfer information here includes
the information D1 indicating whether the currently con-
nected USB device 3 corresponds to any of the transfer
speeds, and the information D4 indicating the transfer type.
The information indicating that the currently connected USB
device 3 corresponds to any of the transfer speeds is specifi-
cally an SS device connection state signal D1 indicating, for
example, whether or not the connected USB device 3 is the SS
device. Further, there are four transfer types in the USB
device 3, which are Control transfer as a first transfer type to
transfer control data, Interrupt transfer as a second transfer
type to transfer when data transfer is necessary, Bulk transfer
as a third transfer type to transfer a large amount of data, and
Isochronous transfer as a fourth transfer type to transfer data
real-time. The transfer type information D4 indicates one of
the transfer types of the data to be transferred.

In this embodiment, in the case in which the SS device is
connected as the USB device 3 and the transfer type is the
Bulk transfer, when the PC side is set to Genl, switching to
Gen2 reduces the power consumption. The power can be
saved also by setting the transfer speed of the PC side to Genl
in a normal state and switching the transfer speed to Gen2
only when the SS device is connected.

On the other hand, the present inventors have found out that
Genl is enough for the time not performing the data transfer
even when the SS device is connected and the case of not
transferring a large amount of data, thus the power can be
further saved by controlling the link speed to switch the
transfer speed to Gen2 when the SS device is connected and
also Bulk transfer is performed.

Link speed change supported by the PCI Express is per-
formed to switch the transfer speed from Genl to Gen2.

FIG. 2 is a flowchart showing a transfer speed control
method according to this embodiment. As shown in FIG. 2,
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when the SS device is connected, the SS device connection
state signal D1 indicating the connection of the USB device 3
is output from the USB device 3 to the USB interface 13. An
input of the SS device connection state signal D1 also to the
transfer speed switching unit 15 enables the transfer speed
switching unit 15 to detect that the SS device is connected
(step S11).

Next, when the data is transferred from the SS device, the
transfer type information D4 is input to the transfer speed
switching unit 15 via the USB 3 interface 13. At this time, in
the case of the Interrupt transfer and the Control transfer (step
S12: No), the transfer speed is not switched to Gen2. Only
when the transfer type is the Bulk transfer (step S13: Yes) and
also the transfer speed of the PC side is set to Gen1 by the link
speed information D2 (step S13: Yes), the transfer speed
switching unit 15 outputs the speed switching signal D3 to the
PCI Express interface 11 (step S14). Then, the link speed
change is performed and the transfer speed of the PC side is
switched to Gen2.

While the link speed by the PC side is usually set to Gen2,
in this embodiment, the default transter speed can be set to
Genl, which is the minimum transfer speed. This is to detect
the time that surely requires the transfer speed of Gen2 and
switch the link speed from Genl to Gen2 according to the
detection result. As the timing that surely requires the high
transfer speed is detected to switch the transfer speed, the link
speed can be set to the minimum transfer speed Genl by
default. Then, further power saving can be achieved as com-
pared to the case of switching the transfer speed depending on
whether the SS device is connected or not.

Note that although this embodiment explained that the
transfer speed is switched to Gen2 only in the case ofthe Bulk
transfer, the link speed of the PC side may be switched
according to the information indicating the kind of the USB
device 3 and the information indicating the maximum transfer
speed permitted by the USB device 3 in addition to the infor-
mation of whether or not the transfer is the Bulk transfer or in
place of the information indicating the transfer type.

The kind of the USB device 3 is for example whether the
USB device 3 is a USB memory, a digital camera, a digital
video camera, or a printer. It is possible to evaluate whether or
not Gen3 or Gen2 is required as the link speed according to
the kind of the USB device 3. For example, when a digital
video camera is connected as the USB device 3, itis evaluated
that a large amount of the data transfer is required and the link
speed is switched to Gen2 or Gen3. When the maximum
transfer speed supported by the USB device 3 requires Gen2
or Gen3, the link speed can be switched.

At the time of connection process with the USB device 3,
the USB 2 interface 14 can obtain the information indicating
whether the device corresponds to one of the transfer speeds
such as whether the currently connected USB device 3 is the
SS device, the information indicating the kind of the USB
device 3, and the information indicating the maximum trans-
fer speed permitted by the USB device 3.

When the transfer is the Isochronous transfer and the
amount of transfer data is large, the link speed may need to be
changed to Gen2. Next, a method is explained that analyzes
the transfer information from the USB device 3 in more detail,
evaluates whether one of the link speeds is required more
specifically than the first embodiment, and performs switch-
ing.

Second Embodiment

FIG. 3 is a view showing a USB 3 host controller 1 accord-
ing to a second embodiment of the present invention. The
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USB 3 host controller 1 according to this embodiment further
includes a band calculating unit 16 in addition to the configu-
ration of the USB 3 host controller 1 according to the first
embodiment. The band calculating unit 16 obtains the trans-
fer information including a transfer execution state signal D5
indicating whether or not the data is currently being trans-
ferred from the USB device 3 via the USB 3 interface 13, and
outputs a band state signal D7 indicating a result of evaluating
whether or not the transfer speed is appropriate according to
the transfer information to the transfer speed switching unit
15.

In response to the band state signal D7, the transfer speed
switching unit 15 transmits the speed switching signal D3 to
the PCI master 2 via the PCI Express interface 11 according
to the transfer speed or the result of analyzing the transfer
information, the current transfer speed input from the PCI
master 2, and the band state signal D7.

Specifically, as the transfer information, the band calculat-
ing unit 16 obtains the transfer type such as the Isochronous
transfer and the Bulk transfer, transfer schedule information
D6 regarding the size of transfer data and the period of data
transfer, the transfer execution state signal D5 and the like
from the USB device 3 via the USB interface 13. In this
embodiment, the transfer schedule information D6 indicates
the size to be transferred and the number of end points to
perform the Isochronous transfer. The band calculating unit
16 evaluates whether or not Genl1 is enough for the transfer
that is currently being performed according to the transfer
schedule information D6 and the transfer execution state sig-
nal D5, and outputs the evaluation result to the transfer speed
switching unit 15 as the band state signal D7. Further, the link
speed information D2 is input from the PCI master 2 via the
PCI Express interface 11. This link speed information D2 is
used when performing band calculation by the band calculat-
ing unit 16, which is described later.

The SS device connection state signal D1, the transfer type
information D4, and the transfer schedule information D6 is
obtained when the USB device 3 is connected to the USB 3
host controller 1 and the connection process is performed.
Moreover, a transfer start signal D5-1 is output from the USB
device 3 at a timing when the data transfer is started. Simi-
larly, a transfer start signal D5-2 is output from the PC side to
the USB device 3 at the timing when the data transfer is
started. In addition, the link speed information D2 and the
band state signal D7 are always notified, and as described
above, the speed switching signal D3 is output at a timing
when there is a need to change the link speed of the PC side,
such as from Gen2 to Gen2 and from Gen2 to Gen3.

It has been explained that the band calculating unit 16
evaluates whether or not the transfer speed Gen1 is enough for
the currently needed data transfer speed according to the
transfer information and the transfer execution state signal
D5, and generates the band state signal as the evaluation
result. By the way, this embodiment attempts to save power
by setting the transfer speed of the PC side in a normal time to
Genl, which is the minimum speed, detecting the timing that
requires the faster transfer speed than Genl, and switching
the transfer speed of the PC side to Gen2 or Gen3.

As a method for detecting the timing to switch the transfer
speed, the band calculating unit 16 may perform the band
calculation and detect the timing when the transfer data
reaches a certain band. When the timing is detected, the band
calculating unit 16 generates the band state signal D7 indi-
cating the change in the link speed to Gen2 or Gen3, and
outputs the band state signal D7 to the transfer speed switch-
ing unit 15. Otherwise, the degree of band usage may be
evaluated only from the transfer time actually taken for the
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transfer. When the transfer time reaches certain transfer time,
in a similar way, the band calculating unit 16 generates the
band state signal D7 indicating the change in the link speed to
Gen2 or Gen3, and outputs the band state signal D7 to the
transfer speed switching unit 15.

Next, amethod for detecting the timing to switch the trans-
fer speed according to the usage band or the transfer time of
the transfer data is explained. FIGS. 4A, 4B, 5A and 5B are
pattern diagrams indicating the timings to perform the link
speed change (recovery) and explain the timings to perform
the recovery respectively according to the usage band and the
usage time.

As shownin FIGS. 4A and 4B, the USB device 3 inputs and
outputs data for every uFrame, and schedule of the USB
device 3 is managed for every uFrame. The band calculating
unit 16 calculates the usage band at the timing t1 of each
uFrame, for example. As shown in FIG. 4A, when the usage
band is smaller than a predetermined value Vth at the timing
t1 of uFramel and uFrame2, the link speed of the PC side is
maintained to be Genl. After that, when the usage band
exceeds the predetermined value Vth at the timing t1 of
uFrame, the band calculating unit 16 outputs the band state
signal D7 indicating to perform the link speed change to the
transfer speed switching unit 15, and the transfer speed
switching unit 15 outputs the speed switching signal D3 to the
PCI Express interface 11. Then, the link speed is changed
from Genl to Gen2.

On the other hand, in the case in which the usage band is
greater than the predetermined value Vth and the data is
transferred at the link speed Gen2, as shown in FIG. 4B, when
the usage band becomes smaller than the predetermined value
Vth at the timing t1 of uFramel3, in a similar manner, the
band calculating unit 16 outputs the band state signal D7
indicating to perform the link speed change to the transfer
speed switching unit 15, and the transfer speed switching unit
15 outputs the speed switching signal D3 to the PCI Express
interface 11. Then, the link speed is changed from Gen2 from
Genl.

Note that the timing t1 may be at the beginning, the end, or
in the middle of uFrame, as shown in FIGS. 4A and 4B.
Although this example explained that the usage band at the
timing t1 is checked, t2 and the like may be provided besides
t1 inside uFrame and when the usage band exceeds the pre-
determined value Vth at the continuous timings t1 and t2, the
link speed change may be performed. This excludes the cases
when the amount of transfer data temporarily increases or
decreases.

A specific calculation example of the amount of usage band
is explained. Note that this specific example explained the
case of calculating an amount of usage band as usage band
time. The transfer schedule information D6 includes Max
Packet Size and the period to transfer data. Accordingly, the
usage band time can be calculated by the following formula
using the amount of data transferred in one uFrame.

The usage band time={(burst sizexone packet size)/trans-
fer rate (Genl or Gen2)}xthe number of end points

The burst size here indicates the number of times capable
of continuous transfer. In the Interrupt transfer (burst=3,
packet size 1024 bytes (fixed)) with the number of end points
is two and Genl,
the wusage band time={(3x1024x8)/(2.5x1000x1000x
1000)}x2=1.96608%x10™-5 us (the reason for x8 is to convert
into bits)

The amount of transfer must be obtained in order to calcu-
late the usage band. On the other hand, as described above,
there is an easier method for detecting the timing of the link
speed change from the time taken for the data transfer. As
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shown in FIG. 5A, since the transfer time is shorter than the
period T1 of uFrame period in uFrame21 and 22, the link
speed shall be Genl. On the other hand, in uFrame23, as the
transfer time exceeds the period T1, the band calculating unit
16 outputs the band state signal D7 indicating to perform the
link speed change to the transfer speed switching unit 15, and
the transfer speed switching unit 15 outputs the speed switch-
ing signal D3 to the PCI Express interface 11. Then, the link
speed is changed from Genl to Gen2.

Similarly, while transferring data at Gen2, as the transfer
time falls below the period T1 in uFrame33, the band calcu-
lating unit 16 outputs the band state signal D7 indicating to
perform the link speed change to the transfer speed switching
unit 15, and the transfer speed switching unit 15 outputs the
speed switching signal D3 to the PCI Express interface 11.
Then, the link speed is changed from Gen2 to Genl.

Note that although the criterion in this example is whether
or not the transfer time is within the period T1, repeated
periods T1 for twice or more may be the timing. This excludes
the cases in which the amount of transfer data temporarily
changes.

A specific example of switching the link speeds Genl and
Gen2 according to the bus usage time is explained. FIG. 6 is
a view for explaining a process for switching the link speed
according to the bus usage time. The transfer execution state
signal D5 shall be a level signal here. Specifically, the transfer
execution state signal D5 can be Hi level during transfer and
Low level while not in transfer.

When the band calculating unit 16 includes time informa-
tion of one uFrame, the transfer execution state signal D5 is
Hi level all the time during transfer. Thus, the band calculat-
ing unit 16 can recognize how long the data has been trans-
ferred by the transfer execution state signal D5. When the
transfer execution state signal D5 is Low level, the band
calculating unit 16 can recognize that the transfer is not being
performed. Accordingly as shown in FIG. 6, when it is
detected that the period in which the transfer execution state
signal D5 becomes Hi level is longer than or equal to a certain
value in uFrame during transfer at the link speed Genl, for
example, the link speed can be increased from Genl to Gen2
by the link speed switching process.

Next, the transfer speed control method according to this
embodiment is explained. FIG. 7 is a flowchart showing the
transfer speed control method according to this embodiment.
As shown in FIG. 7, the transfer speed switching unit 15
evaluates whether or not the SS device is connected by the SS
device connection state signal D1 (step S11). Next, the trans-
fer speed switching unit 15 evaluates using the link speed
information D2 whether or not the current link speed is the
minimum transfer speed, which is Genl1 in this example (step
S12). Note that when there are three or more transtfer speeds
such as V1, V2, and V3, the transfer speed may be V2 in a
normal time.

Next, when the link speed is Genl, the link speed is
changed to Gen2 (step S13). Then, the transfer type is evalu-
ated by the transfer type information D4 whether it is the Bulk
transfer or the Isochronous transfer. When the transfer type is
the Bulk transfer or the Isochronous transfer (step S14: Yes),
the band calculating unit 16 further evaluates whether or not
it is during transfer by the transfer execution state signal D5.
Further, the band calculating unit 16 receives the transfer
schedule information D6 and the like and evaluates whether
or not Genl is enough for the transfer.

The band calculating unit 16 evaluates whether the link
speed needs to be switched to Gen2, for example, as men-
tioned above, by evaluating whether the usage band in
uFrame is a predetermined value Vth or greater and evaluat-
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ing whether or not the transfer time in uFrame is predeter-
mined time T1 or longer. In the case that is evaluated that the
link speed needs to be changed to Gen2 (step S16: No), when
the current link speed is Genl1 (step S19: Yes), the link speed
change is performed (step S20). That is, the band calculating
unit 16 outputs the band state signal D7 indicating to perform
the link speed change to the transfer speed switching unit 15,
and the transfer speed switching unit 15 outputs the speed
switching signal D3 to the PCI Express interface 11 to change
the link speed from Genl to Gen2.

On the other hand, in the case that is evaluated that the link
speed Genl is enough for the current data transfer (step S16:
Yes), when the current link speed is Gen2 (step S17: Yes), the
link speed change is performed (step S18). That is, the band
calculating unit 16 outputs the band state signal D7 indicating
to perform the link speed change to the transfer speed switch-
ing unit 15, and the transfer speed switching unit 15 outputs
the speed switching signal D3 to the PCI Express interface 11
to change the link speed from Gen2 to Genl.

In this embodiment, the transfer information from the USB
device 3 is analyzed, the link speed necessary for the current
data transfer is evaluated according to the transfer band, the
transfer band and the like, and the link speed change is per-
formed at a timing evaluated that requires the change. Then,
as the link speed of the PC side can be switched at an actually
necessary timing, the power consumption can be further
reduced more efficiently than in the first embodiment.

Note that the present invention is not limited to the above
embodiments, but various modifications can be made without
departing from the scope of the present invention.

For example, although the above embodiments have been
explained as a hardware configuration, it is not limited to this,
but it can be realized by causing CPU (Central Processing
Unit) to execute a program to perform arbitrary processes. In
this case, the program can be stored and provided to a com-
puter using any type of non-transitory computer readable
media. Non-transitory computer readable media include any
type of tangible storage media. Examples of non-transitory
computer readable media include magnetic storage media
(such as floppy disks, magnetic tapes, hard disk drives, etc.),
optical magnetic storage media (e.g. magneto-optical disks),
CD-ROM (compact disc read only memory), CD-R (compact
disc recordable), CD-R/W (compact disc rewritable), and
semiconductor memories (such as mask ROM, PROM (pro-
grammable ROM), EPROM (Erasable PROM), flash ROM,
RAM (Random Access Memory), etc.). The program may be
provided to a computer using any type of transitory computer
readable media. Examples of transitory computer readable
media include electric signals, optical signals, and electro-
magnetic waves. Transitory computer readable media can
provide the program to a computer via a wired communica-
tion line (e.g. electric wires, and optical fibers) or a wireless
communication line.

The first and second embodiments can be combined as
desirable by one of ordinary skill in the art.

While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the
invention can be practiced with various modifications within
the spirit and scope of the appended claims and the invention
is not limited to the examples described above.

Further, the scope of the claims is not limited by the
embodiments described above.

Furthermore, it is noted that, Applicant’s intent is to
encompass equivalents of all claim elements, even if
amended later during prosecution.
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What is claimed is:

1. A controller connected between a first device that adopts
a bus standard A specifying a plurality of transfer speeds for
data transfer and a second device that adopts a bus standard B,
the controller comprising:

a first interface that is connected to the first device and
transmits and is configured to receive data to and from
the first device;

a second interface that is connected to the second device
and is configured to transmit and receive data to and
from the second device;

atransfer data converting unit that is configured to convert
data of the bus standard A and data of the bus standard B
between the first interface and the second interface; and

atransfer speed switching unit that is configured to receive
transfer information regarding data transfer from the
first device via the first interface when the first device is
connected, to evaluate a target transfer speed to be used
by the second device according to the transfer informa-
tion or a result of analyzing the transfer information, and
when a current transfer speed input from the second
device is different from the target transfer speed, to
transmit a speed switching signal to the second device
via the second interface, the speed switching signal indi-
cating switch to the target transfer speed, wherein the
transfer information includes information indicating a
data transfer type indicating a different data transfer
system according to a kind of transfer data and a transfer
method, and the transfer speed switching unit is config-
ured to determine the target transfer speed to be used by
the second device according to the data transfer type.

2. The controller according to claim 1, wherein the transfer
information includes information indicating whether the cur-
rently connected first device corresponds to one of the plu-
rality of transfer speeds.

3. The controller according to claim 1, wherein the transfer
information includes information indicating a kind of the first
device and/or information indicating a maximum transfer
speed of the first device.

4. The controller according to claim 1, wherein the transfer
speed switching unit is configured to obtain information indi-
cating whether the currently connected first device corre-
sponds to one of the transfer speeds, information indicating a
kind of the first device, and information indicating a maxi-
mum transfer speed of the first device at a connection process
with the first device.

5. The controller according to claim 1, further comprising
aband calculating unit that is configured to obtain the transfer
information including a transfer execution state signal from
the first device via the first interface and to output a band state
signal to the transfer speed switching unit, the transfer execu-
tion state signal indicating whether data is currently being
transferred and the band state signal indicating a result of
evaluating whether or not one of the transfer speeds is appro-
priate,

wherein the transfer speed switching unit is configured to
transmit the speed switching signal to the second device
via the second interface according to the current transfer
speed input from the second device and the band state
signal.

6. The controller according to claim 5, wherein the band
calculating unit is configured to obtain the transfer informa-
tion that includes schedule information of transfer data
including a data size to be transferred, the transfer type indi-
cating a different data transfer system according to a kind of
the transfer data or a transfer method, and the transfer infor-
mation including the transfer execution state signal from the
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first device via the first interface, and is configured to generate
the band state signal according to the obtained information.

7. The controller according to claim 6, wherein

the bus standard A is configured to specity a transfer speed
Al as a speed for transferring data and a transfer speed
A2 that is faster than the transfer speed A1, and

the band calculating unit is configured to generate the band
state signal that evaluates whether or not a currently
necessary data transfer speed is the transfer speed Al
according to the transfer information and the transfer
execution state signal, and outputs the band state signal
to the transfer speed switching unit.

8. The controller according to claim 5, wherein the first
interface is configured to receive a transfer start signal that
notifies start of the data transfer from the first device, is
configured to generate the transfer execution state signal
according to the transfer start signal, and is configured to
output the transfer execution state signal to the band calcu-
lating unit and the transfer speed switching unit.

9. The controller according to claim 1, wherein the bus
standard A is a USB standard and the bus standard B is a PCI
Express standard.

10. The controller according to claim 9, wherein the trans-
fer speed A of the bus standard A is LowSpeed (1.2 Mbps),
FullSpeed (12 Mbps), or HighSpeed (480 Mbps), and the
transfer speed A2 is SuperSpeed (5 Gbps).

11. The controller according to claim 9, wherein the trans-
fer speed B1 of the bus standard B is Generationl (2.5 GTps)
and the transfer speed B is Generation2 (5 GTps).

12. The controller according to claim 9, wherein the first to
the fourth transfer type are respectively Control transfer,
Interrupt transfer, Bulk transfer, and Isochronous transfer.

13. A controller connected between a first device that
adopts a bus standard A specifying a plurality of transfer
speeds for data transfer and a second device that adopts a bus
standard B, the controller comprising:

a first interface that is connected to the first device and
transmits and is configured to receive data to and from
the first device;

a second interface that is connected to the second device
and is configured to transmit and receive data to and
from the second device;

a transfer data converting unit that is configured to convert
data of the bus standard A and data of the bus standard B
between the first interface and the second interface; and

atransfer speed switching unit that is configured to receive
transfer information regarding data transfer from the
first device via the first interface when the first device is
connected, to evaluate a target transfer speed to be used
by the second device according to the transfer informa-
tion or a result of analyzing the transfer information, and
when a current transfer speed input from the second
device is different from the target transfer speed, to
transmit a speed switching signal to the second device
via the second interface, the speed switching signal indi-
cating switch to the target transfer speed,

wherein

the bus standard A specifies a transfer speed Al as a speed
for transferring data and a transfer speed A2 that is faster
than the transfer speed Al,

the bus standard B specifies a transfer speed B1, as the
speed for transferring data and a transfer speed B2 that is
faster than the transfer speed B1 and corresponds to the
transfer speed A2,

the transfer information includes a transfer type indicating
a different data transfer system according to a kind of
transfer data and a transfer method,
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the transfer type specifies a first transfer type for transfer-
ring control data, a second transfer type for transferring
data when the data transfer is necessary, a third transfer
type for transferring a large amount of data, and a fourth
transfer type for transferring data real-time,

the second device is previously set to the transfer speed B1,

and
when the currently connected first device is capable of
transferring data at the transfer speed A2 and transfers
the data with the third transfer type, the transfer speed
switching unit transmits the speed switching signal that
indicates the switch to the transfer speed B2 to the sec-
ond device via the second interface.
14. The controller according to claim 13, wherein when the
currently connected first device is capable of transferring data
at the transfer speed A2 and transfers the data with the fourth
transfer type, the transfer speed switching unit transmits the
speed switching signal that indicates the switch to the transfer
speed B2 to the second device via the second interface.
15. A transfer speed control method for a controller con-
nected between a first device that adopts a bus standard A
specifying a plurality of transfer speeds for transferring data
and a second device that adopts a bus standard B, the transfer
speed control method comprising steps of:
transmitting and receiving data to and from a transfer data
converting unit via a first interface by the first device;

transmitting and receiving data to and from the transfer
data converting unit via a second interface by the second
device;

mutually converting data of the bus standard A and data of

the bus standard B by the transfer data converting unit;
and

switching a data transfer speed of the second device,

wherein the step of switching the data transfer speed

comprises steps of:

receiving transfer information regarding data transfer
from the first device via the first interface when the
first device is connected;

determining a target transfer speed to be used by the
second device according to the transfer information or
a result of analyzing the transfer information; and

transmitting the speed switching signal to the second
device via the second interface when a current transfer
speed input from the second device is different from
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the target transfer speed, the speed switching signal
indicating switch to the target transfer speed,
wherein the transfer information includes information
indicating a data transfer type indicating a different data
transfer system according to a kind of transfer data and
a transfer method, and the target transfer speed is deter-
mined according to the data transfer type.

16. The transfer speed control method according to claim
15, wherein the transfer information includes information
indicating whether the currently connected first device corre-
sponds to one of the plurality of transfer speeds.

17. The transfer speed control method according to claim
15, wherein the transfer information includes information
indicating a kind of the first device and/or information indi-
cating a maximum transfer speed of the first device.

18. The transfer speed control method according to claim
15, wherein in the step of switching the data transfer speed,
information indicating whether the currently connected first
device corresponds to one of the transfer speeds, information
indicating a kind of the first device, and information indicat-
ing a maximum transfer speed of the first device is obtained.

19. The transfer speed control method according to claim
15, further comprising a step of obtaining the transfer infor-
mation including a transfer execution state signal from the
first device, and generating a band state signal, the transfer
execution state signal indicating whether or not data is cur-
rently been transferred and the band state signal indicating a
result of evaluating whether or not one of the transfer speeds
is appropriate according to the transfer information,

wherein in the step of switching the data transfer speed, the

speed switching signal is transmitted to the second
device via the second interface according to the current
transfer speed input from the second device and the band
state signal.

20. The transfer speed control method according to claim
19, wherein in the step of obtaining the transfer information
and generating the band state signal, the transfer information
thatincludes schedule information of the transfer data includ-
ing a data size to be transferred, the transfer type indicating a
different data transfer system according to a kind of the trans-
fer data or a transfer method is obtained from the first device
via the first interface, and the transfer execution state signal is
generated according to the obtained information.

#* #* #* #* #*
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